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Staged combustion method with optimized injection of 

primary oxidant 

5 The present invention relates to a staged combustion 
method using a primary jet of oxidizer and a secondary 
jet of oxidizer, in which the injection of the primary 
oxidizer has been optimized. 

10 The performance of a combustion method in an industrial 
furnace must satisfy two criteria: 

- limit the discharges of atmospheric pollutants 
(NOx, dust, etc.) that must be less in quantity than 
the limit set by the legislation, 

15 - control the temperature of the furnace walls and 

of the charge to be heated in order to satisfy both the 
constraints relative to the quality of the product 
subjected to the combustion and to the consumption of 
energy. An advantageous solution for satisfying these 

2 0 two criteria is to reduce the temperature of the 

combustion flame and one of the means used is staged 
combustion. The method of staged combustion of fuels 
involves dividing the quantity of oxidizer necessary 
for the total combustion of the fuel into at least two 

25 streams of oxidizer introduced at various distances 
from the flow of fuel. Thus, a first stream of oxidizer 
is injected very close to the stream of fuel. This 
stream closest to the stream of fuel is called the 
primary stream; it allows the partial combustion of the 

30 fuel at a controlled temperature which limits the 
formation of NOx. The other streams of oxidizer are 
injected at a greater distance from the fuel than the 
primary stream of oxidizer; they make it possible to 
complete the combustion of the fuel that has not 

3 5 reacted with the primary oxidizer. These streams are 

called the secondary streams. Document WO 02/081967 
describes a method making it possible to apply this 
type of staged combustion method. The oxidizer is 
separated into three distinct streams, that are 



injected at various distances from the point of 
injection of the fuel and at various velocities. Thus, 
a first jet of oxidizer is injected with a high 
velocity at the center of the jet of fuel. Then, a 
second jet of oxidizer is injected with a lower 
velocity at a first distance from the jet of fuel. 
Finally, a third jet of oxidizer is injected at a 
second distance from the jet of fuel, this second 
distance being greater than the first distance. 

It may be useful to apply this type of method with 
variable burner powers, for example when the furnace 
charge changes. It may thus be desirable to use low 
burner powers, that is to say to use burners with low 
fuel velocities relative to the nominal regime of the 
burners. Now, the use of the burners with low fuel 
velocities relative to the nominal regime may lead to 
raising of the flame: for an injection of the fuels and 
oxidizers in a horizontal plane, the flame rises toward 
the roof of the industrial furnace and may damage it . 

The aim of the present invention is to propose a staged 
combustion method in which it is possible to modify the 
power of the burner, and in particular to reduce it 
relative to its nominal power, without this change of 
power leading to a change of flame direction and to the 
impairment of the furnace wall. 

With this objective, the invention therefore relates to 
a method of fuel combustion, in which a jet of fuel and 
at least two jets of oxidizer are injected, the first 
jet of oxidizer, called the primary jet, being injected 
so as to be in contact with the jet of fuel and to 
generate a first incomplete combustion, the gases 
originating from this first combustion still comprising 
at least a portion of the fuel, and the second jet of 
oxidizer being injected at a distance from the jet of 
fuel in such a way as to combust with the portion of 
the fuel present in the gases originating from the 
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first combustion, in which the primary jet of oxidizer 
is divided into two primary jets: 

- a first primary jet of oxidizer, called the 
central primary jet, injected in the center of the jet 

5 of fuel, and 

- a second primary jet of oxidizer, called the 
sheathing primary jet, injected coaxially around the 
j et of fuel . 

10 The invention therefore consists of a staged combustion 
method in which the oxidizer necessary for the 
combustion of the fuel is divided into two jets. The 
first jet, called the primary jet, is injected in 
contact with the jet of fuel, .which means that the 

15 distance between the jet of fuel and the primary jet of 
oxidizer is zero (apart from the possible presence of a 
duct wall channeling these various jets) . According to 
the essential feature of the invention, the primary jet 
of oxidizer is divided into two jets injected 

20 differently from the jet of fuel. The first primary jet 
of oxidizer, called the central jet, is injected in the 
center of the jet of fuel, and the second primary jet 
of oxidizer, called the sheathing primary jet, is 
injected coaxially around the jet of fuel. In practice, 

25 this method may be applied by the use of an injection 
pipe consisting of two concentric tubes, one for the 
injection of the fuel, the other for the central 
primary oxidizer. The injection pipe is placed in a 
ceramic quarl and the sheathing primary oxidizer is 

3 0 injected into the space defined between the quarl and 
the injection pipe. The end of the injection pipe may 
be set back from or in the same plane as the injection 
wall in the furnace. 

3 5 According to the invention, the quantity of oxidizer 
present in the primary jet of oxidizer is less than the 
total quantity of oxidizer necessary for the total 
combustion of the fuel. The second jet of oxidizer 
makes it possible to supply the quantity of oxidizer 
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necessary to complete the combustion of the fuel. The 
second jet of oxidizer is injected at a distance from 
the second primary jet of oxidizer, which means that 
the distance between these two jets is not zero. 
5 Preferably, this distance is at least 80 mm, still more 
preferably at least 90 mm. Generally, the sum of the 
quantities of all the injected oxidizers is 
substantially stoichiometric, that is to say lying in a 
range of ± 15% relative to the stoichiometric quantity 

10 necessary for the total combustion of the fuel . The 
quantity of second oxidizer usually represents 10 to 
98% of the total quantity of oxidizer injected, 
preferably 50 to 98%, still more preferably 75 to 98%, 
the primary oxidizer (which corresponds both to the 

15 central primary oxidizer and the sheathing primary 
oxidizer) representing a quantity lying between 2 and 
90%, preferably between 2 and 50%, yet more preferably 
between 2 and 25% of the total quantity of oxidizer. 

20 According to the invention, it is preferable for the 
injection velocity of the central primary jet of 
oxidizer to be greater than the injection velocity of 
the jet of fuel. Through this feature, the central jet 
of oxidizer ensures both a good conveyance of the jet 

25 of fuel and a sufficiently high velocity of this jet of 
fuel. Thus, the fuel is perfectly conveyed toward the 
zone of * combustion with the second oxidizer. The 
injection velocity of the central primary jet of 
oxidizer is usually at least 50 m/ s , preferably lying 

30 between 50 and 150 m/s. The injection velocity of the 
jet of fuel is preferably greater than the injection 
velocity of the sheathing primary jet of oxidizer, 
still more preferably between 5 and 15 m/s. According 
to an advantageous embodiment, the injection velocity 

35 of the second jet of oxidizer may be greater than the 
injection velocity of the sheathing primary jet of 
oxidi zer . 

According to the invention, the distance at which the 
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second jet of oxidizer is injected and the velocity of 
this second jet of oxidizer are preferably such that 
the ratio of the distance defined between the point of 
injection of the central primary jet of oxidizer and 
5 the point of injection of the second jet of oxidizer to 
the injection velocity of the second jet of oxidizer 
lies between 10" 3 s and 10~ 2 s, preferably between 3xl0" 3 s 
and 8.5xl0" 3 s. This relation solves the problem of the 
invention while providing a low emission of NOx and an 
10 improved flame luminosity making it possible for the 
operator to visually check the combustion. 

According to a particular embodiment of the method of 
the invention, a third jet of oxidizer may be injected 

15 at a point situated between the point of injection of 
the central primary jet of oxidizer and the point of 
injection of the second oxidizing jet. The advantage of 
the injection of this third oxidizing jet is that it 
makes it possible to vary the flow rates between the 

20 second and third jets of oxidizer and modify the 
momentum of the burner and the length of the flame in 
order to control the furnace charge transfer profile. 
Preferably, the injection velocity of the second jet of 
oxidizer is greater than or equal to the injection 

25 velocity of the third jet of oxidizer. It has been 
observed that it is preferable for the ratio of the 
distance defined between the point of injection of the 
second jet of oxidizer and the point of injection of 
the central primary jet of oxidizer to the distance 

30 defined between the point of injection of the third jet 
of oxidizer and the point of injection of the central 
primary jet of oxidizer to lie between 2 and 10. In the 
case of this particular embodiment, the quantity of 
oxidizer present in the third jet preferably represents 

35 50 to 75% of the total quantity of oxidizer injected by 
the second and third jets, this total quantity of 
oxidizer injected by the second and third jets 
representing 10 to 98% of the total quantity of 
oxidizer injected, preferably 50 to 98%, still more 
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preferably 75 to 98%. According to the invention, the 
distance at which the third jet of oxidizer is injected 
and the velocity of this third jet of oxidizer are 
preferably such that the ratio of the distance defined 
5 between the point of injection of the central primary 
jet of oxidizer and the point of injection of the third 
jet of oxidizer to the injection velocity of the third 
jet of oxidizer lies between 6xl0" 4 s and 6xl0~ 3 s, 
preferably between 1.5xl0~ 3 s and 4xl0~ 3 s. 

10 

According to a first variant of the method according to 
the invention, the two primary jets of oxidizer have 
the same oxygen concentration. It is then also 
advantageous to use an oxidizer in the second jet, and 
15 where necessary the third jet, having the same 
composition as the first jet, because it is then 
possible to have only one source of oxidizer to be 
divided between the various points of injection of 
oxidizers . 

20 

However, according to a second variant of the method 
according to the invention, the oxygen concentration of 
the central primary jet of oxidizer may be greater than 
the oxygen concentration of the sheathing primary jet 

25 of oxidizer and the second and third jets. This may be 
the case when the supply of high purity oxygen is 
limited. The high oxygen concentration oxidizer is then 
injected in the form of the central primary jet of 
oxidizer, while the air is injected in all the other 

30 jets of oxidizer. 

The jet of second oxidizer may itself consist of a 
plurality of jets of second oxidizer. For a good 
symmetry of the combustion assembly, the jets of second 
35 oxidizer are, preferably, placed evenly around the jets 
of fuel and of primary oxidizer. This arrangement may 
also be applied to the jet of third oxidizer. 

The method is preferably applied with gaseous fuels. If 
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the fuel is liquid, it is then desirable that an 
atomization gas be used to atomize the liquid; 
according to the invention, the atomization gas may be 
the oxidizer, particularly air or oxygen. The 
5 atomization gas may be injected instead of the 
sheathing oxidizer and/or instead of the central 
oxidizer. 

Finally, the invention relates to the use of the 
10 preceding method for the heating of a charge of glass 
or for a reheat furnace . 

The application of the method according to the 
invention makes it possible to achieve the objective of 
15 a tight flame, that is to say the objective of a flame 
that does not deviate toward a wall of the furnace. 

Figure 1 illustrates a device for implementing the 
method according to the invention. Figure 1 represents 

2 0 a portion of the device that is designed symmetrically 

relative to the axis AA' . Figure 1 gives a front view 
of the device and the corresponding section along the 
axis BB 1 . The device consists of quarls 5, 6, 7 pierced 
in the wall of the furnace 8, and an injection pipe 9 

25 consisting of two coaxial tubes. The injection pipe is 
placed in the quarl 5. This quarl 5 is wide enough for 
a free space 10 to exist between the outer tube of the 
pipe and the wall of the quarl. The primary oxidizer 2, 
3 is injected both into the central tube of the pipe 9 

30 and into the free space 10. The fuel 1 is injected into 
the space defined between the inner tube and the outer 
tube of the injection pipe 9. The second oxidizer 4 is 
injected into the quarl 7 furthest from the central 
quarl 5. The third oxidizer 11 is injected into the 

3 5 intermediate quarl 6. 



